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TH:C.. EFFECT OF ORDER UPON 
A SELtCTED MEASURE OF HUJvl".AN STR.IDTGTH 
(An Abstract) 
by 
Harol d H. Morris 
The purpose of this study was to determine the effect of order 
(five trials a d~y, for three successive days) upon the measurement 
of strength of the right wrist palrnar flexion muscles of ma.le college 
students . 
Thirty- one male college students enrolled a.t Fort Bays Kansas 
State College served as subjects for this investigation. Subjects 
were chosen who could meet with the investigator on three successive 
mornings and who could comply with the requirements of the investigation. 
Experimental equipment was constructed to hold the right fore-
arm of the subject being tested horizontally at a ninety degree angle 
to the cable which passed through the cable-tensiometer, the measurement 
instrumento Subjects were instructed to pull until they felt they had 
exerted their maximal strength and to then relax. A one minute rest 
period between each of the five triaJ.s was permitted. An attempt was 
made to measure each subject at the same time on each experimental day. 
The F and subsequent t-tests found day three to be significantly 
greater than day one . Trials three , four , and five were found to be 
significantly less than trial one and trial five was found to be 
significantly less than trial two . 
On the basis of the data and within the limitations of this 
study the following conclusions seem warranted: 
1. A significant increase in strength between day one 
and day three was observed. 
2. A significant decrease between trial I and trials III, 
nr, and Vanda significant decrease between trial II 
and trial V was observed. 
3. The significant daily increase between day one and day 
three might be attributed to strength development , 
l earning, or a combination of strength development and 
learning . 
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CHAPTER I 
INTRODUCTION 
One of t he main influences in the recent changes of our educa-
tional program has been the development of adequate measurement 
techniques . It has been found that t he measurement of a substance, 
trait, or ability will ordinarily show some consistency . This 
apparent tendency toward consistency in sets of measurements made 
upon one object or objects is referred to as reliabilityo Certain 
conditions or requirements must be realized before consistency in 
measurement or reliability is obtained. 
The reliability of measurement is of critical i mportance in 
any study of the achievement of knowledge, or the improvement of 
motor skills. If one is to realize any evidence of improvement re-
sulting from training, the measurement of the criterion upon which 
the study is based must be reliable . 
Physical educators, coaches, and athletes have been i nt er ested 
in strength devel opment and its applications to athl etics and phys i cal 
education for quite some time . McClor stated that strengt h is the 
most i..mportant element in motor performance and is an excellent measure 
of an individuals general ability to work . Hooks,2 in a study on the 
lcharl es Harold McCloy, Tests and Measurements in HeaJ.th and 
Physical Education (New York: F:S:-Crofts and Compariy;-1939), p~7. 
2G. Eugene Hooks , "Prediction of Baseball Ability Through an 
Analysis of Measures of Strength and Structure," Research Quarterly, 
30:38-hJ, March, 1959. 
2 
factors related to success in baseball, concluded that the strength 
of certain muscle groups had ·a definite positive correlation with 
success in baseball. In a study by Chui,3 it was found that athletic 
power and performances could be improved through the use of systematic 
weight training programs designed to increase t he strength of certain 
muscle groups. 
Since strength is evidently of some importance to success in 
motor skills and activities, .it has been ·the concern of research 
workers in physical education and scientists in the area of physiology 
for many years. In spite of these efforts, intense research needs to 
be conducted in the area of reliability. How much reliability can 
we expect to find in human strength measurement? The answer t o t his 
question is not available to the degree necessary for research pur-
poses. 
Purpose of study. The purpose of this study 1.ta-s to determine 
the effect of order (five trials a day, for t hree successive days ) 
upon the measurement of strengt h of the right wrist palmar flexion 
muscles in male college students. 
Significance of studyo In investigations involving repeated 
responses of the human body; the experimenter must recogni ze that cer-
tain factors may need to be _regarded when considering the results. 
3Edward Chui, "The Effect of Systematic Weight Training on 
Athletic Power," Research Quarterly, 21: 188-194, October, 19.50. 
One such factor is practice in l earning . Rose,L· when attempting to 
produce an increase in the strength of normal individuals and of 
patients by using isotonic exercise according to the principle of 
brief maximal exercise, found that weight could be increased one and 
one quarter pounds each day, five days a week, regardl ess of initial 
strength. Rose concluded t hat it seemed inconceivable that t hese 
exercises representeda response to effort, rather it appears that 
they are a learned act. Petersen/) while · checking t he Hettinger and 
Muller method of strengt h development,concluded that the results 
reported by Hettinger ~nd Muller are dependent upon an experiment 
where the same instruments are used for training as well as testing, 
and may be attributed to an improvement in skill • 
.Another question in strength measurement is t he pr obl em of an 
order eff ect. An order effect 'may be illustrated by the following 
example. In timing an individual to see how fast he can run three 
different distances, the one-hundred yard dash, the half-mile , and 
the two mile, the possibility must be considered that the order in 
which these events are run may have an ef fect upon the results or 
the times recorded. 
L-nonal d. L. Rose, 110bservations on the Clinical Effects of 
Brief Maximal Isotonic Exercises ," Southern Medical Journal, 
52 :15L.8-1553, December, 1959. 
!)Flemming Bonde Petersen, 11Muscle Training by Static, 
Concentric and Eccentric Contractions," Acta Physiologica Scandi-
navica., L.8:406-416, 1960. --
3 
4 
Slater-Hamme1, 6 in a study to determine the influence of order 
of exercise bouts upon neuromuscular tremor, found that the relation-
ship between tremor measures and exercise in the form of bouts of deep 
knee bends was directly affected by the order in which these bouts 
were performed. 
When measuring strength a similar situation may arise. In 
designing a program of strength measurement should a physical edu-
cator take one, t wo, or more measurements of t he specific muscle 
group? Should these measurements be taken on one ., two, or more days? 
Answers to these questions are not readily available and present a 
definite need in the area of strength measurement. 
Procedures. In consi dering a study of this nature a valid 
and accurate instrmnent of strength measurement had to be secured. 
In reviewing recent literature and research, the cable- tensiometer 
was sel ected upon the basis of a study by Clarke , 7 who found the 
cable-tensiometer to be a most stable and generally useful instrument 
for the recording of muscular strength. The cable-tensiometer was 
originally designed t o measure tension upon aircr aft control cables 
and was used extensivel y for that purpose during World War II. Clarke 
6A. T. Slater- Hammel, 11Influence of Order of Ex:ercise Bouts 
Upon Neuronmscular 'I'remor, 11 :ftesearch Quarterly, 26: 88- 95, March, 1955. 
7H. Harrison Clarke, "Comparison of Instruments for Recording 
:Muscle Strength," Research Quarterly, 25:398- ~ll ., December, 1954. 
5 
first used t his instrument to measure t he strength of muscles affected 
by orthopedic disabilities and then adapted the instrument for strength 
testing. 
Thirty-one male college students served as subjects f or t his 
study. The subj ects were required to exert t heir right wrist palmar 
flexion muscle group five times, one minute apart, on thr ee succes-
sive days. 
Delimitationso This study has been delimited by t he size of 
the sample, which included thirty-one male college student s ;, t he 
muscle group investigated, which was the r i ght wrist palmar f lexor 
muscle group; the measurement instrument, which was t he cabl e-
tensiometer; the number of days in succession in which each subject 
was measured, totaled three;· trie number of trials each subject was 
required to perform each day, totaled five; the amount of r est be-
tween each exertion, which was one minute ; and t he t ime of t esti ng, 
which was bet ween 8:~.5 A.M. and 11:45 A.M. 
Limitations. The selection of sub j ects was limited to mal e 
college students who could agr ee to meet with t he i nvestigator on 
three successive mornings t o exert, f or five trials spaced one minute 
apart, the maximal force of thei r right wrist palmar flexor muscle 
group. 
The limitation imposed by the use of only the right wrist 
palmar flexor muscle group in t his investigation will l ead to the 
question concerning the reactions of muscle groups other t han t he 
6 
r i ght wri s t palmar f l exor nmscle group in similar investigat i ons . 
This inves tigation was limit ed to a s tudy of static strength, an d did 
not include dynami c strengt h. 
The rest period of one minute between trials woul d l imit this 
study to include a possible effect of fatigue . 
No at t empt was made t o control variables other than those 
specifi call y desi gnat ed. 
Summary. The purpose of this study is to determine t he effect 
of order (five trials a day, for three successive days) upon the 
measurement of strength of the right wrist palmar flexion nmscl es in 
male college students . 
Since strength is so i mport ant to the success of motor per-
performance in humans and since reliable measurement is so important 
to the inauguration of a successful strengt h development progr am , the 
neces~it,y of an i nvestigation of t he effect of order upon strength 
measurement seems very clear . 
Thirty-one male college students served as subjects for this 
study. They were requir ed to exert the maximal force of their r ight 
wrist palmar flexor muscles five trials each day on three successive 
days . The measurement instrument used in this investiga.t ion was the 
cable- tensiometer which has been found to be reliable in the study of 
human strength. 
CHAPTER II 
REVIEW OF RELATED LITERATURE 
The purpose of this review is to acquaint the reader with the 
literature that is pertinent to this investigation . Human strength, 
with its various facets, has intrigued research workers in a variety 
of ways. The importance of muscular strength in relation to athletic 
ability, motor coordination and physical fitness has been indicated 
by numerous investigations. Since strengt h seems to be significantly 
related to many aspects of human activity, the importance of valid 
and reliable measurement becomes evident. 
A recent report reviews various investigations dealing with the 
relationship of strength to other variables.l This study also presents 
many pertinent facts concerning present understandings of strength 
testing. Another study presents the recent advances in the measurement 
and understanding of volitional muscular strength of the human organism.2 
While these and other studies contain many clues related to a better 
conception of human strength, a magnitude of reseaxch is yet to be 
accomplished before an adequate understanding of t his field of inquiry 
will be available. For purpose of review the literature related to 
this problem is organized into the following sub-topics: (1) The 
1Paul Hunsicker and George Greey, "Studies in Human Strength," 
Research Quarterly, 28:109-122, May, 19.57 . 
2H. Harrison Clarke, "Recent Advances in Measurement and Under-
standing of Volitional Muscular Strength," Research Quarterly, 26:263-273, 
October, 19.53. 
measurement of strength, (2) the relationship of strength to certain 
variables, (3) the development of muscular strength, (L.) factors 
affecting reliability in strength measurement. 
THE :MEASUREMENT OF HUMAN STRENGTH 
8 
Strength testing instruments. The history and development of 
instruments used to measure strength within the past 250 years is re-
ported by Hunsicker and Donnelly.3 This study presents only devices 
which were unique when first employed or which were radical modifi-
cations of original devices. Clarke4 compared the effectiveness of 
the following four instruments for recording muscle strength: (1) 
cable-tensiometer, (2) Watkins-Porter strain gage, (3) spring scale, 
(4) Newman myometer . An over-all evaluation of the four instruments 
found the cable-tensiometer to·have the greatest precision for strength 
testing. It was the most stable and generally useful of the instru-
ments investigated, and it was found to be free of most of the faults 
encountered with the other devices. 
A recent study investigated the possibility of substituting the 
cable-tensiometer for the back and leg dynamometer in the Rogers' 
Physical Fitness Index Test.5 A lever system was devised to overcome 
3Paul A. Hunsicker and Richard J. Donnelly, "Instruments to 
Measure Strength, 11 Research .Quarterly, 26:408-L.20, December, 1955 . 
4H. Harrison Clarke, "Comparison of Instruments for Recording 
Muscle Strength, 11 Research Quarterly, 24:398- 411, December, 1954. 
'Frank T. Kennedy, "Substitution of the Tensiometer for the 
Dynamometer in Back and Leg Lift Testing, 11 Research Quarterly, 30: 
179-188 , May, 1959 . 
the insufficient capacity of the tensiometer in the leg lift. The 
tensi ometer was found to yield slightly higher back lift scores and 
a sl ightl y greater dispersion of scores . However, these differences 
were not statistically significant at the .05 level of confidence o 
The analysis of the results indicated that the tensiometer may be 
substituted for the dynamometer in back and leg lift testing. 
9 
Strength tests. The first scientific study concerning the 
strength of human beings was published by DeLaHire , a French scientist, 
in 1699. 6 This study was not highly scientific as it merely compared 
the strength of men in lifting burdens with that of horses o Since 
the time of DeLaHire the study of human strength has become highly 
scientific . Objective tests using precise measuring instruments 
have been devised to measure the strength of various muscle groups . 
I n 1880, Sargent began the systematic measurement of Harvard 
students with a battery of strength tests he had devised in 1873 
while a medical student at Yale . 7 Sargent8 contended that size alone 
was not a true measure of the strength and functional capacity of a 
given nmscle group as had earlier been advocated. 
Kellogg, 9 in the latter part of the nineteenth century, devised 
6Huns i cker and Donnelly, l oc . cit. 
7John F. Bovard and Frederick W. Cozens , Tests and Measurements 
in Physical Education (Philadelphia: W. B. Saunders Company, 1932), p . 30. 
8n. A. Sargent, "Twenty Years Progress in Efficiency Tests," 
.American Phvsical Education Review, 18:L.52, October, 1913 . 
9c . H. McCloy, Tests and Measurements in Health and Physical 
Education (New York: F. S. Croft s and Company, 1939) , p . 20 . 
10 
an elaborate dynamometer by which various muscle groups could be 
testedo The chief disadvantages of this device were the time consumed 
in testing (approximately one-half hour per subject) and the initial 
cost of the device . 
Using t he universal dynamometer, WendlerlO analyzed a large 
battery of strength measurements to determine for each sex t he nrnscle 
groups that are most valuable for predicting total strength. The sum 
of the strength of four muscle groups , the thigh flexors , the leg ex-
tensors, the arm flexors , and the pectoralis major , was f ound to be a 
highly reliable predictor of total strength for men. The strength of 
six muscle groups , the thigh extensors , the thigh flexors, t he leg ex-
tensors , the deltoids, the pectoralis ma.jor , and the hand flexors , when 
properly combined will predict total strength of women with approximately 
the same degree of reliability · a.g the me1 1s battery does for men. 
Recent developments in testing procedures include the objective 
techniques utilized by Clarkell for measuring the strength of affected 
muscle groups involved in orthopedic disabilities . Clarkel2 later 
improved t he techniques used in testing the various muscle groups 
and in 1952 he reported the construction of sixteen new strength tests 0 
lOArthur J . Wendler , 0An Analytical Study of Strength Tests Using 
the Universal Dynamometer, " Supplement t o the Research Quarterly, 6:81-85, 
October, 1935 . 
11H. Harrison Clarke , "Objective Strength Tests of Affected 
Muscle Groups Involved in Orthopedic Disabilities , " Research Quarterly, 
19:118-147 , May, 1948. 
, Theodore L. Bailey, and Clayton T. Shay, --,--,----,,,,..-.--"New Object ive Strength Tests of Mu scle Groups by Cable-Tension 
12 
Met hods , " Research Quarterl y, 23 :136- 1~.8 , May, 1952 . 
11 
The cable- tensiometer, an instrument designed to measure t he tension 
of aircraft control cables, was adapted for use in these tests . A 
manual completely describes the equipment and measurement techniques 
used for testing the strength of thirty- eight individual muscle groups.13 
THE RELATIONSHIP OF STRENGTH TO CERTAIN V.ARI ABLES 
The relationship of strength to anthropometric measures . 
Anthropometry is the science of measuring 't he human body and its parts, 
and is the oldest type of body measurement in us e . Sculptors of the 
ancient Egyptian, Greek and Roman worlds took numerous measures of many 
individuals to obtain the .average body proportions.14 
In the United States, the theory that exercise should be pre-
scribed to affect muscle size and body proportion was advocated by Hitch-
cock . 15 Sargent,16 however , considered capacity and not size alone as 
an indicator of an individual's power . Morehousel7 infers that the in-
creasa:istrength of performance is not strictly due to an increase in the 
size of the muscle , but t hat repeated observations indicate t hat exer-
cised muscles can increase in size but not in strength, and vice-versa. 
13H. Harrison Clarke, Cable- Tension Strength Tests: A Manual 
(Springfield, Mass . : Stuard E. Mur phy, 1953 ) . -- -
14=-:---,-,,----,---' Application of Measurement t o Health and 
Physical Education (second edition; New York: Prentice- Hall, Inc., 
1950) , p . 6. 
15McCloy, ~- cit . , p . 72 . 
16sargent, loc . cit . 
171aur ence E. Morehouse, "Physiological Basis of Strength Develop-
ment,11 (Paper presented at the Colloquium on Exercise and Fitness , 
Allerton Park, Illinois , December, 1959 ) . 
Hunsicker and Greey,18 in a study of the relationship of 
strengt h to other variables , poi nt out that body type is related to 
12 
t he strengt h an individual possesses . The relationship of strength 
with extreme somatotypes is examined in a study by Sills and Everett. 19 






Mesomorphs are stronger than endomorphs and ectomorphs. 
Endomorphs are stronger than ectomorphs o 
Ectomorphs are superior to endomorphs in speed, agility 
and endurance . 
Mesomorphs are superior to both endomorphs and ectomorphs 
in agility, speed and endurance . 
The excess weight is a handicap to endomorphs and the 
insufficient strength is a handicap t o ec t omorphs in the 
performance of physical tests . 
Clarke20 found a high relationship of girth of flexed-tensed 
upper arm, an anthropometric measure, to strength test variables and 
arm strength criteria. In another study, certain anthropometric meas-
ures were found to correlate significantly with strength variables of 
the trunk and legs. 21 However, negati ve correlations were obtained 
between the following four trunk and leg criteria and a.nthropometric 
variables: the standing broad jump, vertical jump, squat jumps, and 
18 
Hunsicker and Greey, loc. cit . 
19Frank D. Sills , and Peter W. Everett, "The Relationship of 
Extreme Somatotypes to Performance in Motor and Strength Tests," 
Research Quarterly, 24:223- 228, May, 1953 . 
20H. Harrison Clarke, "Relationship of Strength and Anthropo-
metric Measures to Various Arm St rength Criteria, 11 Research Quarterly, 
25 : 134-143 , May, 195L .• 
21.,_~,_~___,,___,,,,--...,,., "Rel ati onshi p of Strength and Anthropometric 
Measures t o Physical Performances Involving the Trunk and Legs, tt 
Research Quart erly, 28 : 222- 232 , October, 1957. 
13 
squat thrus ts for one minute . Rasch22 found no stati sticall y signifi-
cant correlations between the speed of voluntary movements of the 
hand, f orearm an d arm, when compared to the weight , l ength, an.d 
s t rengt h of these segments of the body. 
An investigation to determine the relationshi p between ankle 
extensor strengt h and r oetgenographic measures of muscle size of the 
l eg of a group of seven-year old boys and girls disclosed cor relations 
ranging from .58 to . 63 for boys . 23 Substantially lower coefficients 
ranging from . 22 to . 52 were obtained for girls . The data obtained 
showed t hat boys were substantiall y stronger t han girls in ankle 
extensor strength and p ossessed on the average t he gr eater areas and 
breadths of muscle tis sue. The boys also exhibited, on the average , 
greater s t rengt h than the girl s i n proportion to the amount of 
measured tissue . 
The relationship of strength to moto~ performanceo Vari ous 
investigations ha.ve indicated t hat a posi tive correlation exists bet ween 
strength and success in athletics . The relationship between physic al 
condition, athletic performance and muscular strengt h wa.s demonstrated 
in 1925 when Federic Rand Rogers sta.ndardized t esting procedures 
22Philip J . Rasch , "Relationship of Ar m Strengt h ., Wei ght and 
Length to Speed of Arm Movement , 11 Research Quarterly, 25:328- 332 , 
May, 1954. 
23t a'hrrence Rarick and Jo Ann Jones Thompson, ttRoentgenographic 
Measures of Leg Muscle Size and Ankl e Ex:tensor St rengt h of Seven- Year-
Ol d- Children,11 Research Quarterly , 27 :321-332, October, 1956 . 
/ 
and developed norm tables for their interpretation . 24 In 1934, McCloy 
correlated the various separate elements of t he Rogers Strength 'I'est 
with tests of general motor ability and general athletic ability . Back 
and leg strength seemed to be of litt le importance for r:redicting 
either genera.l motor ability or track and field athletic ability; 
however , back an d l eg strengt h wa.s important in pr edicting success in 
football • .A.rm strength correlate d highly wit h all of t he established 
criteria. McCloy explains t his by stating t hat strengt h is required 
in many of the general motor ability test items , such as shotputting . 
A study by JDeGiovanna26 compared the results of certa.in measures 
of strength with success in col lege athletics . In this study 836 col-
lege students including 102 athletes were given a battery of strength 
t ests. The athl etic group compar ed with the non-athl etic group was 
f ound to have greater l eg force , arm pull, total force and greater 
explosive power. These factors were found to be of varying importance 
to performance ability in different sports as indicated by t he t en-
dency for each sport to have its own unique pattern of strengt h 
requirements . 
Measures of strength were found to be highly cor r el ated with 
2L1r . Harrison Cl arke., Application of Measurement to Heal th 
and Physical Education, ££· cit ., p . 155 . 
25c . H. McCloy , 11The Apparent rmporta.nce of Arm Strengt h in 
Athletics,ir Research Quarterly, 5 :3-11., March, 1934. 
26vincent ToGiova.nna, 11The Relationship of Sel ected Str uctural 
a.nd Functional Measures to -Success in College Athletics, n Research 
Quarterly, lL.:199- 216, May, 1943 . 
15 
baseball ability in an investigation by Hooks . 27 Forty- six college 
freshmen were used as subjects . Eleven strength measures and eight 
measures of structure were selected as being closely related to the 
performance of t he baseball skills of hitting, running , throwing, 
fiel ding, and over- all baseball ability . The results ,of this study 
found the measures of strength to be highly correlated with the c:i;:_iteria 
while the measures of structure were found to be insignificant . 
Kro11 , 28 while investigating factors associated with hi gh school 
wrestling success , found that successful wrestl ers tended to be stronger 
t han unsuccessful wrestl ers; however , when. mean strength measures were 
compared to three different norm tables both successful and unsuccessful 
1'1TI'estlers were average or below average on all measures of strength . 
In a study of the anthropometrical characteristics of some Bi g Ten 
wrestlers , the aver age wrestl er was found to be below average in the 
left grip strength, below average in the right grip strength, just 
average in the leg lift and above average in only one item, the back 
lift. 29 This supports DiGiovanna ' s conclusion that a tendency exists 
for each sport to have its own unique pattern of strength requirements . 30 
The relationship between two tests of motor educability, a 
27G. Eugene Hooks , "Prediction of Baseball Ability Through an 
~~nalysis of Measures of Strength and Structl1re , 11 Research Quarterly., 
30 :38-~.3 , March, 1959. 
28Walter Kroll , "Selected Factors Associated with Wrestling 
Success ," Research Quarterly, 29:396- 406, December , 1958 . 
29 , "An Anthropometrical Study of Some Bi g Ten 
Varsity W~r-e-st_l_e_r_,~11-----R_e_se- arch Quarterly, 25 :307- 312, October , 1954. 
30DiGiovanna, l oc . cit . 
16 
strength test, and wrestling ability after eight weeks of instruction 
was studied by Gross , Griesel , and Stullo31 This study found the 
tests of strength to be a better predictor of ability to learn a new 
activity than the tests of motor educability; however , it was con-
cluded that the two tests of motor educability and t he strength 
index were impractical and of little worth in predicting the individual 
learning ability of college students in wrestling. 
Will goose32 conducted a study to gain insight into the nature 
of strength as related to motor coordination during the adolescence 
period. A battery of strength tests was administered to a group of 
three- hundred secondary school boys , ages fifteen to eighteen. The 
results of the strength index were correlated with t he best of three 
attempts in the standing broad jurap . Boys with the great er strength 
index had a greater mean in the standing broad jump. Boys with the 
greater strength index were found to be faster when timed in a crab 
race for thirty yards . Strength was found to be positively related 
to the ability of adolesent boys to run f i fty yards. 
The results reported by Willgoose33 seem to indicate t hat t he 
strength index score is a fair measure of motor coordination,especially 
31Elmar A Gross , Donald C. Griesel, and .Alan Stull, "Relationship 
Between Two Motor Educability Tests , A Strength Test , and ~restling 
Ability .After Eight-Weeks Instruction," Research Quarterly, 27:395- 402, 
December, 1956. 
32carl E. Willgoose, "The Rel ationship of Muscular Strength 
to Motor Coordination in the Adolescent Period, 11 Journal of Educational 
Research, 45:138-14.2, October, 1950. 
33Ibid. , pp . 141-142 . 
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in activities where gross strength is a factor . Willgoose states 
that, in general, adolescent motor coordination as measured by tests 
of motor 1performance improves with an increase in physical power 
brought about by the development of muscular strength. 
In an investigation to show the relationship of maximum back 
and leg strength with endurance , Tuttle , Janney, and Sulzano,34 found 
that individuals with the greatest maximum strength have the greatest 
absolute strength endurance. However, stronger individuals maintain 
a smaller proportion of their maximum. back and leg strength than in-
dividuals with less initial strength. This study indicated that the 
development of endurance is not directly proportional to t he develop-
ment of maximum strength. 
Strength, as the above studies have indicated, is related to 
coordination, endurance and success in athl etics. Clarke34 contends 
that adequat e strengt h is an asset to the individual in daily life 
and the development of strength will improve a.n individual ' s performance 
in many ways . In a paper presented to the Colloquium on Exercise and 
Fitness in 1959, Clarke stated t hat, all other things being equal, human 
beings will be more effective as a consequence of an adequate level of 
3/+w. W. Tuttle , c. D. Janney, and J. v. Sulzano , "Relation of 
Maximum Back and Leg Strength to Back and Leg Strength Endurance," 
Research Quarterly, 26:96-106, March, 1956 . 
35H. Harrison Clarke , "Development of Volitional Muscle Strength 
As Related to Fitness," (Paper presented at the Colloquium on Exercise 
and Fitness, Robert All erton Park , Monticello, Illinois , December , 1959). 
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strength . Clarke refers to a study by Jarman36 that investigated the 
rel ationship between academic achievement and selective measures of 
I 
strength and growth. When testing groups of boys that had been equated 
in i ntelli gence quotients, Jarman found that boys with high scores on 
strength tests had significantly higher grade point averages in their 
class work and significantly higher means on standard scholastic 
achievement tests than did boys scoring lower on the experimental 
strength and growth tests. 
THE DEVELOPIVJENT OF MUSCULAR STRENGTH 
As research continues to relate strength to general well-being 
and success in the performance of motor skills, the importance of 
strength development becomes more evident . Research reported in 
192537 and 192838 has clearly e~tablished the fa.ct t hat nothing but 
an increase in intensity of work above that previously demanded of 
a nmscle is the stimulus for an increase of muscviar strength. 
Whil e a great deal of research has been accomplished in the 
area of strength development, questions still remain concerning the 
36Boyd o. Jarman, "Academic Achievement of Boys, Nine, Twelve, 
and Fifteen Years of Age As Related to Various Strength and Growth 
Measures , n (Microcarded M. S. Thesis, University of Oregon, 19.59 ). 
37H. Petow and W. Siebert, 11Studien uber Arbeitshypertrophie des 
Muskels , n Z. IQ.in Med., 102:427-433, 1925, cited by Erich A. Muller, 
M. D., 11The Regulation of Muscular Strength, " Journal of the Association 
for Physical and Mental Rehabilitation, 11: 41- L.7, March- April, 19.57 . 
38i,1. Siebert, 11Untersuchungen uber Hypertophie des Skelettmuskels, 11 
Klin. Med. 109:3.50- 3.59, 1928, cited by Erich A. Muller , M. D., ibid. 
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method of strength development which will produce the most effective 
resul ts . How intensive , how long and how often rrrust this method be 
used to maintain a given level of strength or to increase this level 
of strength?39 Studies by Clarke and HermanL.O and Rasch41 have pro-
posed various solutions to this problem, but no available data seems 
to be conclusive . 
The effects of weight training . Within the past ten years numer-
ous studies have been undertaken to determine the mos t effective method 
of strength devel opment . The findings obtained from these studies have 
indicated that many of the presumptions concerning the development of 
strength, particularly through the use of wei ght training, are lacking 
evidence. Kusinitz and Keeney42 designed an experiment to determine 
the effects of a two month systematic program of progressive weight 
training on the physica.l fitness of boys in earl y a.dol esence . Forty-
six adolescent males attending a New York City Junior High School 
39Erich A. Muller , M. D., 11The Reg1.1.lation of Muscular Strength," 
Journal of the Association for Physical and Mental Rehabilitation , 
11:4l-47, March-April , 1957 . 
4°navid H. Clarke and Edward L. Herman, rtObjective Determination 
of Resistance Load for Ten Repetitions Maximum for Quadriceps Develop-
ment," Research Quarterly., 26:385- 390, December, 1955 . 
41Philip J . Rasch, "Relationship Between Maximum Isometric Tension 
and Maximum Isotonic Elbow Flexion, " Research Quarterly, 28:85, March, 
1957 . . 
L2 Ivan Kusinitz and Clifford E. Keeney, "Effects of Progressive 
Weight Training on Health and Physical Fitness of Adolescent Boys , 11 
Research Quarterly, 29:294- 301, October , 1958 . 
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were used as subjects . The subjects were divided into two groups in 
which the ,means of the scores on the pre- training tests were not sig-
nificantl y different . Pre- training tests included: (1) anthropometric 
measures, (2) muscular strength and endurance , (3) flexibility , (L) 
speed and agility, (5) circulatory- respiratory function. Results 
indicated that the experimental group, which participated in a 
progressive weight training program three times a week for a period 
of eight weeks, made a small but statistically significant gain in 
all measures while the control group, which received no conditioning 
other than participation in physical education classes, gained in 
height and weight only. It is also of importance to note that the 
experimental group was able to improve as much or more than the control 
group in every item selected to measure fitness. Medical examinations 
indicated that no harmful eff ects were experienced by either the ex-
perimental or the control group . 
Chui43 undertook a study to ascertain some of the pertinent facts 
concerning the effects of systematic weight training on athletic power. 
Twenty- three subjects were in the weight- training group which exercised 
two to three times a week for a one hour period. Twenty-two subjects 
were used as the control group that participated in the required physical 
education program at the State University of Iowa. Each subject was 
measured by a battery of tests at the beginning and the end of the 
43Edward Chui, "The Effect of Systematic Weight Training on 
Athletic Power, 11 Research Quarterly, 21:188- 1%., October , 1950. 
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three month training period. The data obtained from this study and 
the implications drawn from the data indicate that the subjects of 
the expea:-imental group seemed to increase the amount of potential 
power through systematic weight training exercises; whereas , the 
subjects of the control group did not show such consistent increases . 
A common opinion of coaches, trainers and others associated with 
physical educations holds that weight training will slow the athlete. 
Studies qy Zorbas and Karpovich,L.L. and Masley, Hairbedian and DonaldsonL~5 
indicate that increased strength gained through training with weights 
was apparently associated with increased muscular coordination and 
speed of movement. CalvinL.6 concluded that progress:i.. ve resistance 
exercise in the form of weight training tended to affect favorably 
the motor-coordination of high school boys . 
An investigation by Ness and Sharos,L7 using Springfield College 
basketball players as subjects, concluded t hat a progr am of pr ogressive 
weight training had a significantly favorable effect on l eg strength 
D.4william s. Zorbas, and Peter V. Karpovich, "The Effect of 
Weight Lifting Upon the Speed of Muscular Contractions," Research 
Quarterly, 22:145-148, May, 1951. 
L.5John W. Masley, Ara Hairabedian, and Donald N. Donaldson, 
11Wei ght Training in Relationship to Strength, Speed and Co-ordination, 11 
Research Quarterly, 24:308-315, October, 1953 . 
46sidney Calvin, "Effects of Progressive Resista.nce :Exercises 
on the Motor Coordinati on of Boys, 11 Research Quart erly, 30:387-398, 
December, 1959. 
47Philip E. Ness, and Charles L. Sharos, "The Effects of 
Weight Training on Leg Strength and. t he Vertical Jump, 11 (Unpublished 
Master's Thesis, Springfield College, June, 19.56). 
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a.nd the vertical jump of the players. Brown a.nd Riley48 obtained 
similar results when investigating a different group of Springfield 
College basketball players . Knudsonl.i.9 found that systematic weight 
training had a significantly fa~orable effect on the mean height 
jumped by high school girl basketball players . 
Implications derived from a. study of four programs of heavy 
resistance exercise by Ca.pen50 indicate that the development of strength 
using weights with which the subject could do only one exertion is 
superior to a program using weights with which the subject could do 
eight to fifteen exertions . Capen found that a program using weight 
with which the subject could do only one exertion appears to be more 
satisfactory in the development of muscular strength when used three 
days each week than when used five days each week . This seems contrary 
to the common belief held by coaches and athletes that "doing the 
most work obtains the most results. 11 
Isometric strength development. The development of muscular 
strength through the use of static or isometric contractions has 
received t he attention of r esearchers during the past decade . An 
48Robert J. Brown, and Douglas R. Riley, "Effect of Weight Train-
ing, " Scholastic Coach, 27:44-46, December, 1957 . 
49Paul o. Knudson, 11A Study of the Effect of Weight Training 
and Jumping Exercises, 11 (Microcarded M. s. Thesis, State University of 
Iowa, August , 1957). 
50Edward K. Capen, 11Study of Four Programs of Heavy Resistance 
Exercises for Development of Muscular Strength," Research Quarterly, 
27:132-1!.~2 , May, 1956 . 
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isometric contraction is one in which the tension of the muscle is 
increased by placing pressure against a large resistance while 
perm.itting~the muscle to shorten very little . Muller51 states t hat 
certain advantages can be derived from using static contractions for 
the measurement and training of muscular strength. 
1. The maxim.al strength possible in a certain position during 
a movement is much lower than the strength in the same 
position reached with a static contraction. 
2. Dile to the influence of mass and speed it is not possible 
to get strictly isotonic contractions in man, except with 
very low speed. It is therefore diff icult to determine 
the identity of the stinrulus exerted on the muscle fibres 
during dynamic training. 
Lorba.ck52 points out that the economy of time of static-contrac-
tions has an advantage over methods of strength development using 
weight-training exercises. In his study comparing the effectiveness 
of strength tra1ning utilizing short periods of static contractions 
w""ith standard weight training proce dures , Lorback found both groups 
gained significantly in strength, but were approximatel y equal in 
effectiveness as measured by his test . The static contraction group 
actually exercised only slightly over one m.j_nute per session (six 
seconds times eleven movements) while the weight- training group 
exercised rather continuously through a thirty- minute period. 
5lMuller, ££· cit., p . ~-1. 
52Melvin M. Lorback, 11A Study Comparing the Effectiveness 
of Short Periods of Static Contraction to Standard Weight Training 
Procedures in the Development of Strength and Iv'rus cle Girth, 11 
(Microcarded M. S. thesis, Pennsylvania. State University, 1955). 
Rodgers53 conducted an investigation using approximately the same 
design and received similar results . 
2~. 
Rasch and Morehouse54 studied the effect of a six-week program 
of static and dynamic exercises on muscular strength and hypertrophy . 
Forty- nine male students were used as subjects . The subjects who 
performed isotonic exercises showed greater gains in strength and 
hypertrophy than did the subjects who exercised isometrically. Rasch 
and Morehous·e suggest that the higher scores in str.ength tests result-
ing from the exercise program reflected largely the acquisition of 
skill, for subjects showed strength gains in the tests when muscles 
were employed in a familiar way and showed l ittle or no gain in 
strength when observed in an unfamiliar manner . 
Wolbers and Sills,55 when investigating the effects of a single 
si.."'C-second static muscle contraction once a day on hi gh school boys, 
found that a program of f ive days a week for a period of eight weeks 
was sufficient to cause significant gains in muscular strength. The 
subjects worked in pairs , one supplying the resistance f or the exer-
cise for the other and then reversing their roles . 
53nonald P. Rodgers, "The Development of Strength by Means of 
Static and Concentric Muscl e Contractions, 11 (Microcarded M. s. thesis, 
State University of Iowa, June, 1956 ). 
5~-Philip J . Rasch and Laurence E. Morehouse, 11Effect of Sta.tic 
and Dynamic Exercises on Muscular Strength and Hypertrophy, 11 Journal 
of Appl ied Physiol ogy, 2:29- %., Jul y , 1957 . 
55charles P. Wolbers , and Frank D. Sills , 11Development of 
Strength in High School Boys by Static Muscle Contractions , " Research 
Quarterl y , 27:~.46- 450, December, 1956. 
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Swegan56 compared the effect of static contractions and standard 
weight training procedures on endurance o Sixty subjects were divi ded 
into two-,closely equated groups on the basis of a series of preliminary 
t ests . After ten weeks of training sessions, which were conducted 
three times per week , the subjects were again tested using the same 
procedures as in the preliminary examination . Muscular endurance was 
increased significantly by each method during the training periodo 
Statistically significant differences between the two groups in the 
amount of endurance improvement were not obtained in any of the eight 
movements tested. However, Swegan states that the static-contraction 
training method appeared to be sorrewhat more effective for developing 
endurance in knee extensi on because of the significant improvement of 
the static- contraction group in t he bicycle-riding test, which involves, 
primarily, the knee- extension movement. 
In 1953, Hettinger and Muller57 reported t he results of several 
studies concerning the development of strength using various isometric 
exercise routines . The optimum exercise routine was found to be a 
single contraction per day of two- thirds maximal strength held for a 
period of six seconds . A weekly strength increase of five per cent 
for a period of ten weeks was obtained., Neither greater frequency, 
56Donald B. Swegan, "The Comparison of Static Contraction with 
Standard Wei ght Training in Effect on Certain Movement Speeds and 
Endurances, 11 (Microcarded M. S. thesis , Pennsylvania State University) . 
57T. Hettinger , and A. E. Muller , 11Muskelleisting and Muskeltrain-
ing, " Arbei tsphysiologie , 15 :111-126, October , 1953, cited by G. Lawrence 
Rarick and Gene L. Larson, ttObservations on Frequency and Intensity of 
Isomet ric Muscular Eff ort in Devel oping Stati c Muscular Strength i n 
Post- Pubesent Males, 11 Research Quarterly, 29:333- 341, October, 1958 . 
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longer dur ation, nor more proportionate force produced greater muscular 
strengtho In a later investigation :Muller58 found that even the 
shortest ?ontra.ction of more than forty per cent of maximal strength 
has a maximal effect upon strength development . 
Petersen5 9 studied a group of twenty-four adult femal es and 
twenty-three adult males in an investigation similar to the one re-
ported by Hettinger and Muller . The results of Petersen's investiga-
tion failed" to confirm the work of Hettinger and Muller . Petersen 
asserts that the results of the Hettinger- Muller study are dependent 
upon an experiment where_ the same instruments are used for training 
and testing and may be attributed to an improvement in skill . Pointed 
out was the fact that the number of subj ects is important in evalua-
ting the statistical results . Since Hettinger and Muller used a single 
subject, some question must remain as to the validity of their conclusions . 
Rarick and Larson60 conducted an investigation which proposed to: 
(1) test the Hettinger- Muller method of developing static muscular 
strength with post-pubescent boys and (2) to compare the effectiveness 
of the singl e six-second bout at two- t hirds maximum tension with higher 
levels of isometric tension for progressively longer periods each day. 
An experimental group using a. single six- second exercise bout at two-
58Muller, loc. cit . 
59Flemming Bonde Petersen, "Yrus cle Training by Static , Concentric, 
and Eccentric Contr actions, 11 Acta. Physiol ogic a Sc andinavica, L-8 : 406- Ll6 , 
1960 . 
60a. Lawrence Rarick and Gene L. Larson, 110bserva.tions on 
Frequency and Intensity of Isomet ric Muscular Effort in Developing 
Sta.tic Muscular Strength in Post-Pubesent Males," Re search Quarterl y , 
29:333-341, October , 1958. 
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thirds maximum tension and an experimental group using eighty per cent 
maximum tension and progressively greater numbers of daily exercise 
bouts bot~ showed significantly higher strengt h scores than a control 
0 roup at the end of a four-week training period. The difference be-
tween the strength scores of t he two experimenta1 groups was not 
significant . The experimental group using eighty- per cent maximum 
tension was signif icantly superior in strength to the control group 
four weeks a£ter the termination of the special exercise program, 
while no •significant difference was f ound bet ween the cont rol group 
and the group employing two- thirds maximum tension . 
The study by Rarick and Larson61 had a basic fault in the 
experimental design as pointed out by Slater-Harnm.e1 . 62 Rarick and 
Larson differed the two exer cise treatments both in the amount of 
tension exerted and in the frequency of exercise bouts . This makes 
it impossible to arrive at a unique interpret ation of the treatment 
effects . Slater- Hamme163 points out that this difference between 
the two treatments can be accounted for in three ways: (1) greater 
tension, (2) more frequent exercise bouts , and (3) greater tension 
and more frequent exercise bouts . 
The reader is l e d to believe that a difference exists between 
the two experimental groups four weeks after the t er mination of the 
61Ibid. 
62A. T. Slater-Hamm.el , "Research on Muscle Development," Notes 
and Comments , Research Quarterly, 31:236- 238, May, 1960. 
63Ibid. 
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special exercise program. Actually this is a poor interpretation of 
the significance levels. The experimental group usi ng eighty- per 
cent maximtqn tension was significantly superior to the control group 
while no significant difference existed between the control group 
and the group employing two-thirds maximum tension. However, no 
significant difference existed between the two experimental groups . 
FACTORS AFFECTING RELIABILITY IN STRENGTH MF..ASUREMENT 
The factors which affect the reliability ofa: test- retest 
experiment in human strength measurement are many. This report will 
attempt to include those factors which seem pertinent to the present 
investigation. · 
Fatigue, or a. depletion of energy sources for function, must 
be considered as a factor in this inves tigation. An effect of fatigue 
between any one of the five trials performed each day, spaced one 
minute apart , could alter the results of t his experiment. A day to 
day effect of fatigue may be evident also. 
The reliability of the measurement device must be considered. 
The cable-tensiometer, which has been selected as the measurement 
instrument for this experiment, when compared with thr ee other 
instruments for recording muscular strength was found to be the most 
stable and generally useful of the instruments and was free of most 
of the faults of the other devices . 64 
64H. Harrison Clarke , 11Comparison of Instruments for Recording 
Muscle Strength, " Research Quarterly., 24:398-411, December, 1954. 
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Intra-individual differences seem to play a major role in the 
reliabil ity of strength measurement. Lawther , 65 when summarizing 
ten studies related to strength stated that the one aspect that stood 
out in all studies was the great individual. variation under the 
same experimental conditions . Lawther66 points out that any strength 
or endurance in human beings is subjective t o the subject's degree of 
motivation, his background of punishing experience , and his willing-
ness to endure the pain of an all-out exertion . 
Henry67, 68 reported two studies regarding the influence of 
intra- individual variation on reliability. Henry69 concludes that 
the ma.in source of unreliability in strength measurement is not the 
mea.surement error, which accounted for only fifteen per cent of the 
observed day to day variance of the mean, but the intra-individual 
variation of the subjects who were testeuo 
The effect of the position of the muscle group to be tested 
65John D. Lawther , "The Pennsylvania State University Studies 
On Strength Development, Maintenance , and Related Aspects," (State 
College , Pennsyl vania: Pennsylvania Sta.te University) . 
66Ibid. 
67Franklin M. Henry, 11Reliability, Measurement Error, and Intra-
Individual Difference , " Research Quarterly, 30:21-25, March, 1959 . 
68 , "Influence of Measurement Error and Intra-
Indi vidual,,......,V""'ar_i,...· a"""t,..,i,_o_n_o_n---,-,,the Reliability of Huscle Strength and 
Vertical Jump Tests , " Research Quarterly., 30:155-159, Na.y., 1959 . 
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must be considered in a strength measurement investigation . Rasch70 
found the mid-position to achieve greater results than either the 
supine position or the prone position when testing the strength of 
elbow flexion . The supine position was found to achieve greater re-
sults than the prone position. Morehouse71 implies that the principle 
of specificity applies not only to the type of movement, but also to 
the posture in which the movement is performed. 
Learning may be a very important factor in the results of 
strength development and strength measurement experiments . Rose ,72 
when attempting to produce an increase in strength in normal indi-
viduals and in patients by using isotonic exercises a.ccording to the 
principle of brief maximal exercis~ found that the weight could be 
increased one and one-quarter pounds each day, five days a week, re-
gardless of the initial strength of the individual. Rose concluded 
that it seemed inconceivable that these exercises represented a 
response to effort; rather it appeared that they are a learned act . 
Rasch a.nd Freeman73 imply that practice seems to result in ability 
to perform an exercise with a lessened energy expenditure so that 
70Philip J . Rasch, "Effect of Position of Forearm on Strength 
of Elbow Flexion, 11 Research Quarterly, 27:333- 337, October , 1956 . 
71Laurence E. Morehouse, 11Physiologic al Basis of Strength 
Tuvelopment , " (Paper presented at the Colloquium on Exercise and 
Fitness, Allerton Park, Illinois , December, 1959 ) . 
72Donald L. Rose, "Observations on the Clinical Effests of 
Bri ef Maximal Isotonic Exercises, 11 Southern Medical Journal, 52 :1548-
1553 , December, 1959 . 
73Philip J . Ras ch, and Richard V" Freeman, 11The Physiol ogy of 
Progressive Exercise: A Review, it Journal of the Association for Physi-
cal and Ment al Rehabilitation, 8: 35- L.1 , March- April , 19%. 
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the individual no longer works against the reciproca1 innervation of 
antagonistic muscles . 
Pet~rsen 7L. impl ies that the results reported by Hettinger and 
Huller75 are dependent upon an experiment where the same instruments 
are used for training and testing, rnd may be attributed to an im-
provement in skill . In a study designed to investigate the effect 
of stat ic and dynamic exercises on muscular strength and hypertrophy, 
Rasch and Morehouse76 found that the increases in strength following 
training when the subject was tested in a farri.liar position was con-
siderably greater than when tested in an unfamiliar position . 'I'his 
result suggests that the increase in strength may have been caused 
by l earning . 
Studies concerning the effect of order upon measurement are 
infrequent . However, a conclusive investigation by Slater- 3aii1I1IBl77 
definitely illustrates the effect of order of successive exercise 
bouts upon neuromuscular tremor measures o Two g-.coups of twenty 
subjects were sel ected randomly. One group did successive exercise 
bouts of five , ten , fifteen and twenty deep knee bends in that ordero 
The other group reversed the order of bouts , performine; twenty, fif-
teen, ten and five bouts of the same exercise . Tremor mea.sures were ob-
tained irnraediately after an initial period of rest after each exercise 
bout . 
74Pet ersen, lac . cit . 
75Hettinger and Muller, l ac . cit . 
76Rasch and Morehouse , l ac . cit . 
77A. T. Sl ater-H.?rnmel , 11Influence of rder of Exercise Bouts 
Upon Neuromuscul ar Tremor," Research Quarterl y, 26 : 88- 95 , March , 1955 . 
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It was concl uded that the relationship between tremor measures was 
quite different for the two experimental conditions and were obviously 
conditionep by the order of exercise bouts . 
Allen 78 evaluated the influence of selected orders of the La.cCurdy 
Force Index battery. A significant difference resulted in the order 
of presentation of the force index and left grip force . 
The scientific study of human strength dates back some 250 years . 
Since that time the relationship between strength and many facets of 
human activity have been discovered o 
Objective strength tests using valid and reliable instruments 
have led to the many discoveries concerning strength in human beings . 
Strength development programs designed using the results of experi-
ments provide an effective means of strength improvement . Experiments 
using both isometric and isotonic exercise under many different condi-
tions have been undertaken to uncover the advantages and disadvantages 
of each method . 
Reliability in the measurement of human strength seems to be 
one of the largest hurdles in the understanding of human strength, 
its development and maintenanceo Factors such as fatigue , learning, 
and the order of exercise affect the reliability of strength measure-
ment , and must be considered when studying human strength. 
78James Howard Allen, 11Influence of Order Upon the Ma.cCurdy 
Force Index, 11 (Doctor of Physical Education dissertation , Indiana 
University, 1956). 
CHAPTER III 
}lETHODS AN:) PROCEDURES 
The function of this chapter is to present the methods and 
procedures employed in this investigation. To simplify discussion 
this chapter has been divided into subtopics which include description 
of subjects, testing equipment, testing procedures and the analysis 
of data. 
Description of subjects . Thirty-one male college students en-
rolled at Fort Hays Kansas State College served as subjects for this 
study . Subjects were chosen who could meet with the investigator on 
three successive mornings and who could comply with the requirements 
of the investigation. 
In Table I the range , mean, median, and standard deviation of 
the age , height and weight of the subjects investigated is reported. 
TABLE I 
AGE, HEIGHT AND WEIGHT OF SUBJECTS 
Age He i ght Weight 
Range 19 yrs ., 2 mo . - 5 ft ., 6 in . - 137 pounds 
29 yrs . , 7 mo .- 6 ft.' L¼in . 232 pounds 
Mean 22 yrs., 3 mo . 5 ft ., lo¼in . 172 pounds 
Median 21 yrs ., 6 mo. 5 ft . ' 10 in. 170 pounds 
Standard 2 yrs . , 5 . 2 mo. 2. 2 in. 21 . 2 pounds 
Deviation 
The measured height and weight of each subject was recorded 
the first experimental day the individual was tested. Each subject 
was request_ed to note the day, month and year of birth on the data 
sheet . As Table I illustrates , the subjects were average college 
students with regard to age , height and weight . Subjects ranged in 
age between nineteen years , two months and twenty- nine years , seven 
months ; in height between five feet , six inches and six feet, four 
inches; in weight between 137 pounds and 232 pounds . 
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Testing equipment . As this study was concerned with the effect 
of order upon a selected .measure of human strength, a reliable in-
strument for the measurement of strength was needed. Clarkel com-
pared the effectiveness of four instruments for measu.-ring human 
strength: (1) the cable- tensiometer, (2) the Watkins - Porter 
strain ga.ge , (3) the spring scale , and CL,.) t he Newman myometer. 
An over-all evaluation of the four instruments found the cable-
tensiometer to have the greatest rel iability for strength testing. 
The cable- tensiometer was the most stable and generally useful of 
the instruments tested and was free of most of the faults of the 
other devices . The selection of the cable-tensiometer for this 
investigation was based upon the findings reported by Clarke . 
The cable- tensiometer was originally designed for t esting 
1H. Harrison Clarke, "Comparison of Instruments for Recording 
Muscle St rengt h, " Research Quarterly, 25:398-411, December, 1954. 
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the tension of aircraft control cables . It is a small, compact unit 
(4 11 X 4." X 1¼n) which records on a dial the amount of tension created 
against an offset (riser ) i n the cable between two fixed points, the 
sectors. Cable- tension may be converted into pounds by reference 
to a prepared calibration chart attached to the cover of the ten-
siomet er case . 
According t o standardi zed procedures developed by Clarke2 for 
testing wrist palmar f l exion muscle strength, the cable- tensiometer 
is aligned horizontally at a ninety degree angle to the fore - arm. 
Figure I illustrates the equipment that was constructed to hold 
the cable- tensiometer securely at a ninety degree angle to the 
right fore - arm. The right fore- arm wa.s strapped snugly to a 
verticel restraining board to immobilize it at all times during the 
experiment a.nd to prevent the interven uion of muscle groups other 
than the right wrist palmar flexion muscle group . Foam- rubber was 
attached to the restraining board and to the inside of the straps 
that secured the fore-arm to the restraining board to insure comfort 
for the subjects . 
Adjus t ments in the length of the 1/16 inch aircraft cable 
that passed through the cable- tensiometer and attached to the 
handle on which the subjects exerted their effort was made possible 
by the use of several l inks on welded l ink cha.in. 
2H . Harrison Clarke , "Objective Strength Tests of Affected 
Muscl e Groups Involved in Ort hopedic Disabilities , 11 Research 





This entire apparatus was adequately secured to a table to pre-
vent any movement of the restraining board a.nd the device holding the 
cable- tensiometer . 
A standard straight backed chair was used to seat the subject 
comfortably in front of the measurement device . A stop-watch was 
used to time the one-minute rest interval between trials . 
Testing procedures . An attempt was made to measure ea.ch sub-
ject a.t a similar time each experimental day to eliminate any devia-
tion in the amount of strength of the subject due to the time of 
testing . Although this was not always possible, the data were 
collected between 8:45 A. M. and 11:45 A. M. Testing was begun on 
February 13, 1961 and ended on February 22 , 1961. 
On the first of the thr~e days in which each individual was 
tested, the investigator recorded the measured height of each sub-
ject to the nearest one-half inch while the subject stood erect in 
stocking feet . The measured weight of each individual was recorded 
to the nearest pound. Each subject was requested to record the day, 
month and year of 0Rrth on the data sheet . Also noted on the data 
sheet was the date and time of each individual testing session . 
Each subject was requested to remove his coat and to roll the 
right shirt sleeve to a position above the elbow. The subject was 
then sea.ted in a. comfortable position in front of the testing 
apparatus . The following standardized instructions were then read 
to each individual on the first da.y: 
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First day: This study is being conducted to detennine certain 
measures of strength of the right wrist nruscles. :..• or this study 
to be a success each subject must exert an all out effort of the 
right wrist muscles on each trial . 
1. You will be seated in a comfortable position in the chair 
directly in front of the testing apparatus . 
2. The left arm will remain in your lap at all times . 
3. The right arm will be strapped to the apparatus and your 
right hand will grasp the handle attached to the cable . 
I will adjust the length of the cable so the handle fits 
in your hand . 
4. A one- minute rest will be allowed between each of five 
trials . Relax your grip on the handle when you ha.ve 
exerted your maximal force . 
5. Pre there any questions? 
On the second and third days of the study the following 
instructions were read to each subject: 
Second and third days: Today we will continue wi. th the study 
as before . Remember that each exertion must be an all out 
effort using a slow, steady pull . Relax your -rip on the handle 
between each trial . 
If there were no questions the subject was then r quested to 
place the ulnar side of the right fore-arm upon the padded restraining 
board with the medial asp ct placed firmly against the vertical 
portion of the restraininf: board. Figure II shows the subje tin 
the position that was assumed during an exertion . Note that the 
wrist was in a position of hyperextension and the fore-arm i 
strapped snugly to the restraining board at a ninety-degree angle 





POSITION OF SUBJECT DURING EXPERIMENT 
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Adjustments in the length of the cable to permit the subject to 
pull with the wrist in a position of hyperextension while grasping the 
handle across the proximal row of phalanges was made by using a 
larger or smaller number of chain links to attach the handle to the 
cable . The number of links used in the adjustment of the length of 
the cable during the first test day for each subjec t was recorded on 
the data sheet and. remained the same for the succeeding two days of 
testing of that individual . 
Subjects were instructed to pull until they felt they ha.d exerted 
their maximal strength on each trial and to then relax. When the sub-
ject relaxed his grip the investigator started the stop-watch and 
then recorded the tensiometer reading on the data sheet . The ten-
siometer score was used in the analysis of the data, but the subject 
was informed of his score in pounds of force before exerting his 
strength on the next trial . At the end of each one minute rest period 
the tester stopped the stop- watch and informed the Sl1bject to, 11exert 
maximal force using a slow, steady pull. 11 The tone of voice used 
when stating these instructions remained low and unexcited for each 
trial of each subject . Five trials, one minute apart, for each of 
three successive days were executed by each subject . 
Since a research laboratory is not available at Fort Hays 
Kansa.s State College, the data were collected in an office of the 
Division of Health, Physical Education and Recreation . The talking 
of persons other than those serving as subjects for this study and 
the occasional ringing of a telephone could be heard in the back-
ground. 
Analysis of data. Tables and graphs were constructed to a.id 
in the analysis of data and the interpreta.tion of results . The treat-
ments by subjects design described by Lindquist3 was used in the 
analysis of data . This design is applicable in studies in which the 
treatments are all administered in succession to the same slibjects a.s 
occurs in this experiment. The reason for using the treatments by 
subjects design is to increase the precision of the experiment by 
eliminating intersubject differences as a source of error. Thus, the 
treatment by subjects design provides substantial control over one of 
the most important sources of variation in a study of this nature, 
that is, intersubject variation. 
The measure analyzed to assess the effect of days upon the 
selected strength measure was the rnean tensiometer score of all 
trials on each day for each subject. Likewise, the mean tensiometer 
score of all like trials (trial one, c'r,y one; trial one, day two; 
trial one, day three) for a single subject was used as the single 
criterion measure when assessing the effect of trials upon the 
strength of the right wrist palma.r flexor muscle group . 
Prior to an analysis of the data , the five per cent level of 
3E. F. Lindquist, Design and Analysis of Experiments in 
Psychology and Education (Boston: Houghton Mif1lin, 1953), ;-p . 156-16_;1. 
significance was decided upon as the test of the null hypothesis 
considered. All conclusions and interpretations are based upon this 
significance level . 
SurnmaI"'iJ. Thirty- one male college students enrolled at Fort 
Hays Kansas State College served as subjects for this study. They 
were required to exert the maxima.l strength of their right wrist 
palmar flexor muscle group for five trials spaced one minute apart 
upon three successive mornings . 
The cable-tensiometer was incorpqrated in a device which 
aligned it at a ninety- degree angle with the right fore-arm of the 
subject . This device was secured to a table in front of which the 
subject was seated in a straight backed chair . 
The effect of days and the effect of trials upon the selected 
measure of strength was analyzed by using the treatments by subjects 
design described by Lindquist.4 The five per cent level of signifi-
ca.nce was used in interpretation of the data. 
CHAPTER IV 
RESULTS AND DISCUSSION 
The results and discussion of the effect of order upon the 
strength of the right wrist palmar flexor muscle group is presented 
in this chapter . Subtopics include the effect of days, the effect 
of trials, a discussion of results, and the conclusions . 
The effect of days . Table II presents the mean, standard 






SUNtARY OF D.n ILY T:CNSIOMETER STRENGTH 
MEAS UP.ES (n = 31) 
Day I Da;r II 
.5L L6 .52 . 23 
6. 86 7.14 
34.0 -63 .6 36.80- 6.5 .~ 
Day III 
.53 • .59 
6. 83 
40. 0-69. 8 
An increase in the mean scores eacr-1 day was found . The sta.nda.ro. 
deviation of scores remained nearly the same for the three test days, 
ranging 0. 32 tensiometer units . Both extrer,1ities of the observed 
range of scores for each day increased between day one and day three . 
Figure III illustrates the means of the three test days in com-
parison to each other . The increa.se in mean strength from day to day 




















Da.y I Day II 
FIGURE III 
~JEAN STRENGTH TENSIOMETER SCORES 
ON ALL DAYS 
Day III 
To determine whether or not t he observed increase in da.il y 
mean strength measures was signific ant, an analysis of variance by 
the treat ments by subjects des ign wa.s made •1 The r esults of the 








.AN.!LYSIS OF VARLANCE OF THE EFFECT OF DPYS 
UPON WRIST FLEXON STRENGTH 
df ss ms 
2 72.08 36004 
30 4,083.l~6 136.12 
60 ~.39 . 89 7. 33 





The F for s ub j ects was 18. 57. With 30 and 60 degrees of free -
dom a.n F of 1.39 is require d for s ignificance at t he five per cent 
level of confidence . The observed F was significant and indicated. 
that the subjects differed in l evels of strength between one and an-
other on each da.y . This is to be expected as t he s ubjects were not 
matched and t herefore were heterogeneous in age , height , weight, and, 
a.s the results indicate , in strength . 
T)J.e F for da.ys was .• 92. With 2 and 60 degrees of freedom an 
F of 3.15 is required for significance at t he five per cent level 
lE . F . Lindquist, Design and Anaiysis of Experiments in Pstchology 
and Education (Boston: Houghton Mifflin Compa,ny, 1953) , pp . ]36-1 3. 
of confidence . The observed F was signific ant a.nd indicates a 
difference between the means of t he daily strength measures . 
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The F test is a. manner of appl ying a test of s ignific ance 
simultaneously to the observed differences for all possible pairs of 
treatments . Edwards2 states t hat t he s ignificant F indicates t hat 
the observed treatments are not all alike and t hat this s ignif icant 
difference should leave t he experimenter thoroughly unsatisfied. 
Although the F is significant , it does not necessarily indicate that 
t he population means for each trea.t ment dif f ers from that of every 
other.3 
For example, in this study two of t he t hree days may be alike 
in the effects upon the population, while a third day may be different 
from the other two and as a result of this dif ference may account for 
the significant F. Before concluding ·hat any one day differs from 
any other da.y, a test of significance must be applied to t he diff erence 
in the observed means for these two days alone . An F test can be 
r egar ded as a. way of determining whether or not it is necessary and 
legitimate to apply the t - test to individual pairs of me ans J. 
Following the procedures recommended by Lindquist,' t - tests 
f or signific ance between individual means were applied to the means 
of the days. Tabl e IV presents t he results of the individual t-tests 
2.Allen L. Edwards , Statist ical Methods For t he Behavioral 
Sciences (New York: Rinehart and Company, Inc . ;-I°95Iil", p . 330. 
31indquist, S!E• cit ., 91 . 
4Ibid. 
' Ibi d., pp . 156-163. 
for the effect of days upon the strength of the right wrist pal.mar 




RESULTS OF t - T ..:,STS FOR 'l'HE EF1• 'ECT OF D~~YS 
UPON ~ffiIST FL t...XION STREI· GTH 
Day I Day II 
1.12 
Day III 
3 . 10~~ 
1.98 
*Significant at the five per cent level of confidence . 
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With 60 degrees of freedom at of 2. 00 is required to be signifi-
cant at the five per cent level of confidence. The t between day one 
and day two was not significant, nor w.su the t between day two and day 
three . However , the t between day one 2nd day three was 3 .10 and was 
significant at the five per cent level of confidence . This indicates 
that the mean strength score of day three was significantly &reater 
than the mean strength score of day one . 
The effect of trials . In Figure rv the mean score of the 
subjects on each trial of each experimental dciy is illustra.tedo An 
apparent decrease in strength between each trial after trial one may 
be noted; thus the effect of trials was analyzed to determine if a 
significant difference existed. 






















53 /. Day.1/' 
/' 52 ./-~: Day I 
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0 -------------'-------'--------'---------"-
Trial I Trial II Trial III 
FIGURE IV 
}JEAN TENSio:METER SCORE ON EAC I TRIAL 
ON EACH DAY 
Trial IV Trial V 
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on all like trials over all days (trial one , day one; trial one, day 
two; trial one, day three; and so- forth) is presented . 
TABLE V 
S1Jiv1MARY OF TEIJSIOEETER STREi-GTH MF..J.SURES 
FOR TRIALS ( n = 31) 
Trial I Trial II Trial III Trial IV Trial V 
Mean .53 . 08 52 • .58 52 .17 .52 . 0.5 .51.78 
Standard 6. 63 6.71 6.60 6 . 70 7. 03 
Deviation 
Range 38 . 3- 6.5 37 . 6- 6.5 38 . 6-63 36.0-6~.3 37 . 6-6.5 
A decrease in the mean strength score of each successive trial 
from trial one through trial five was found. The standard deviation 
of the scores remained approximately the same for all trials with 
trial three having the smallest standard deviation of 6 . 60 and trial 
five having the largest standard deviation of 7.03 . The range of 
scores remained nearly the same for all trials , trial three ha.ving the 
smallest range of 24 .4 tensiometer units and trial four having the 
largest range of 28 . 3 tensiometer units. 
In Figure V the difference between the means of the five trials 
is illustrated. To determine whether or not the decrease between the 
mean strength measures of the five trials was significant, an analysis 
of variance by the treatments by subjects design was made . 6 The 


















Trial I Trial II Trial III 
FIGURE V 
1-lEAN STRENGTH TENSIOMETER SCORES 
RECORDED ON ALL LIKE TRIALS 
OVER LIKE D. YS 
so 
. --------- . 








MALYSIS OF V}.RIANCE OF THE E!,..,..,ECT OF TRIALS 
UPON WRIST FL=xoN STriENGTH 
df ss ms 
4 32 .19 8.05 
30 6,742 .51 224 .75 
120 282 . 06 2. 35 




95 . 62 
The F for subjects was 95 . 62 . With 30 and 120 degrees of free -
dom an F of 1. 25 is required for significance at the five per cent 
l evel of confidence . The observed F W'S si;:_nificant and indicates 
tha.t the subjects differed in levels of strength between one 
another on each trial. As was t he case in the analysis of days, this 
is to be expected as the Sl'bjects were not matched and therefore were 
heterogeneous in age , height , weight , and as the results indicate, in 
strength. 
The F for trials was 3. ~2 . Uith and 120 degrees of freedom 
an F of 2 .~.5 is required for signific2nce at the five per cent level 
of confidence . The observed F was significant and indicates a 
dif.Lerence between the means of the different trials . 
Since the F test for trials was significant, the t-test for 
significance between individual means was applied to the means of 
the trials . Table VII reports the results of the individual t-tests 







RESULTS OF t - TESTS FOR T-:-Ii; EF?'CT OF TRI.A.LS 
UPON URIST F1..:XION STR.&JGTH 
Trial I Trial II Trial III Trial IV 
I 1.31 2. 36-:c 2. 6s• c 
II 1.05 1.37 
III . 33 
IV 
Trial V 





Significa.nt a.t the five per cent level of confidence . 
With 120 degrees of freedom a t of 1.98 is required to be 
signifi cant at the five per cent level of confidence . No adjacent 
trials were significantly different from one another . Trials three , 
four, and five were significantly different than trial one , and 
trial five was significantl y different than trial two . 
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Discussi on of results . The F for subjects was si~nificant in 
both the analysis of the effect of days and in the ana.lysis of the 
effect of trials . The significant F indicated that the subjects 
differed bet ween one another in strength, both from day to day and 
from trial to t r ial . As the subjects were not matched and were there-
fore heterogeneol1s in age , height , and weight it can also be expected 
that t hey would differ in strength as foe significant F indicates o 
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In the analysis of days a significant F for the day effect 
was observed. The sifnificant F indicated a difference between the 
means of the daily str ength measures . However, since the significant 
F does not necessarily indicate that each day is significantly dif-
ferent from each other day, the means of any two da.ys were submitted 
to at-test in order to determine whether or not a significant dif-
ference existed between days o 
As a result of the t-test for the effect of days, a significant 
increase in strength was observed between day one and day three. This 
observed increase may not be attributed to strength development alone, 
since the possibility that a learning effect was present must be con-
sidered. Hence, the observed increase ma.y be attributed to learning, 
to strength development, or to a combination of learning and strength 
development . 
A review of recent investigations concerning strength develop-
ment and/or learning indicate different conclusions . Hettinger and 
Muller? reported that a single six second contraction per day at two-
thirds maximal strength was an optimum exercise routine for the 
development of human strength . 1"roller8 later reported that even the 
7T . Hettinger, and A. E. Muller, "Muskelleisting and :ruskel-
training,11 .Arbeitsphysiologie, 15:111-126, October, 1953, cited by Go 
La:wrence Rarick and Gene L. Larson, "Observations on Frequency and 
Intensity of Isometric Muscular Effort in Developing Static Muscular 
Strength in Post-PiJbesent Males," Research Quarterly, 29:333-3~l, 
October, 19.58. 
8Erich A. Muller, N. D., 11The Regulation of Muscular Strength," 
Journal of the Association for Physical and Mental Rehabilitation, 
11:41-47-;-l arch-April, 1957-. -
shortest contraction of more than forty per cent rraximal strength has 
a. maximal effect on strength development . Petersen9 however, asserts 
that the results of the Hettinger-Huller study were dependent upon an 
experiment where the same instrUJ11ents are used for training and for 
testing and that the improvement observed may be attributed to an 
improvement in skill . 
Since each subject executed a maximal exertion five times each 
day for three days it is possible tha.t strength development occu:cred. 
However, the instrument used in testing woulo also serve as the instru-
ment of strength development and thus, as Petersen points out , the 
observed increase in streneth might be attributed to an improvement in 
skill . 
In order to determine whether the observed increase in strength 
is due to strent:th development , learning or a combination of t:1ese two 
factors , a series of studies would have to be carried out . If the 
observed increase is due to strength development alone one could 
reason that the s1.1bjects should continue to show an increase in 
strength at the same rate . Thus an experiment desi:ned to test the 
saJUe individuals over a period of time amounting to more than three 
days could be attempted. 
If the observed difference in strenrth over days is due pri-
marily to l earning the sl1bjects might tend to show a sicnificant in-
crease in strength until they learned to ob+,ain a ma.i{irnal strength 
9Flernrrinf Bonde Petersen, 11}fuscle Training by Static , voncentric, 
and ...;ccAntric Contractions, 11 eta Phvsiolor.ica. -ScaY1dinavica, LG:4.06-),16, 
1960 . --
score using the same testing instrument • .After relatively complete 
learning had occurred, the rate of improvement in measured strength 
scores would tend to decrease, allowing for only an increase in 
strength development, as the effect of learning would be minimal 
or not present at all . 
Another method of investigating the effect of da.ys sue,gests 
itself. J,.fter the subjects reached a point at which the rate of 
increase in observed strength tapered off, the subjects could be 
retired from the experiment for a. period of time sufficient in 
length to allow any strength development to disappear . After this 
period of t ime the investigation could be repeated, using the same 
subjects and testing conditions . If the observed difference in 
strength is due primaril y to learning one might expect to observe 
one or all of the following: 
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1. The rate of increase in observed strength measures during 
the second period of examination might tend to be significantly 
faster than during the first period of examination due possibly 
to the relearning . of a motor skill, which would occur fa.ster 
during the second period of examination. 
2. The point at which the rate of increase in the observed 
strength measures tended to taper off might be reached earlier 
during the second period of examination. This could be due to 
the faster rate of leaxning during the second period of exami-
nation, which would permit total learning to occur at a point 
earlier in the investigation. 
However , if the observed increase in strength is due primarily 
to strength development and learning effects are relatively unimpor-
tant one might expect the rate of increase during the second period 
of examination to remain approximately the same as the rate of 
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increase observed during the first period of the investigation. 
In the analysis of trials the F for the trials effect and 
subsequent t - tests indicated that the mean strength measures for 
trials three , four and five were significantly less than for trial 
one, and the mean str ength measures for trial five were significantly 
less than for trial two . 
No adjacent trials were significantly different . Since the 
observed means for the trials decreased from trial one to trial 
five , an effect of fatigue is suggested. In order to determine the 
effect of fatigue, a series of investigations making use of longer 
periods of rest between trials than the one minute utilized in this 
study could be undertaken . If the observed difference between trials 
is due to fatigue a longer rest period might enable the subject to 
recover sufficiently to minimize the effect of fatigue . This might 
then result in insignificant differences among the trials . 
A situation might arise in which the subjects were tested 
for several days and were then utilized in a program of strength 
devel opment . At the conclusion of this program the subjects could 
aga.in be measured, and the difference between the initial strength 
measurement and the fina.l strength measurement attributed to strength 
development . This might not be t rue, for if the observed difference 
between day one and day three is attributed to learning the possi-
bil ity exists that the observed difference in strength in the strength 
development pr ogram could be attributed to learning ra,ther tran 
strength development . 
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Since the relative importance of learning effects and strength 
development have not been adequately assessed at this time it cannot 
be concluded that an observed increase in strength is due to learning, 
to strength development, or to a. combination of learning and strength 
development . The extent to wliich these -rectors influence the observed 
increase in strength represents a. needed study in the area of human 
strength. 
Concl sions . On the basis of the data and within the limita-
tions of this study the following conclusions seem warranted: 
1. A si[nificant increase in strength between cay one and 
day three was observed. 
2. A significant decrease between trial 1 and trials 
3-L-5 and a sirnificant decrease between tri.al 2 
and trial 5 wes observed . 
3. The sivnificcnt daily incre9se between da~r one and 
day three might be attribntec. to strength development, 
learnin. , or a combination .of strength development and 
lea.ruing. 
Su.rn:mary . The F test used in the analysis of the data found the 
subjects to be siunificantly different in the amount of strenrth that 
they could record from day to day and from trial to trial. As the 
subjects 1-:rere not matched, this could be expected . 
The mean strength score recorded on dcry +hree was found to be 
sj_gnificantly e:reater than the me,m. strength score recorded on day 
one. Thi s might be attributed to strength development, learning, or 
to a combination of learning and strength development . 
58 
Trials three, four, and five were found to be significantly 
less than trial one, and trial five was found to be significantly less 
than trial two. J.s no adja.cent trials were significantly different, 
it appears that accumulated fatigue due to the short rest period of 
one minute between trials accounts for the observed decrease in 
strength from trial to trial. 
CH.A..PTER V 
SUlIHARY 
The purpose of this chapter is to Slu.marize this investiga-
tion which deals with the effect of order upon a selected measure of 
hum.an streng:th. This summary includes the purpose , significance, 
methodology, results, conclusions and recommendations o 
Purpose . The purpose of this study was to deterw.ine the 
effect of order (five tria,ls a day, for three successive days) 
upon the measurement of strength of the right wrist palmar flexion 
muscles of male college students. 
Significance of study. Strength, with its various facets , 
is related to many aspects of hum.an behavior . The relationship of 
strength with such variables as anthropometric measures of the 
body, motor performance , athletic ability, endurance and scholastic 
achievement has been determined by various investigations o 
Since strength is important to success in ma.ny aspects of 
human life , numerous coaches and physical educators have been intrigued 
by it and have spent a great deal of time and effort in studying it. 
In order to successfully study any aspect of hum.an behavior, a 
reliable method of measurement must be developed. This is true of 
hum.an strength . A problem in the area of strength measurement 
involves the effect of order . Does the order in which a certain 
muscle group is tested affect the results and consequently the 
r eliabi lity of the measurement? The answer to this question is not 
a.va.ilable ancl serves as the problem that is investiga.ted in this 
st1.1dy. 
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Bethodology. Thirty- one male college students enrolled at 
Fort Hays Kansas State Colle~e served a.s subjects for this investir,a-
tj on . Subjects were chosen who co1.1ld meet with the investigator on 
three successive mornings and who could comply with the requireme:1ts 
of the investigation. 
'J'he cable-tensio!'leter , a device orininally utilized in the 
measurement of the tension of aircreft control cables , r,ras enroloyed 
as the measurement instrument . Experjmental equipment WDS constructed 
to hol d the right fore - arm of the subj-ct being tested horizontally 
at a ninety degree angle to the cable which passed throue-h the cable-
terisiometer . Adjustments in the length of the cable were made pos-
sibl e to facili t.ate different hand s.:..zes . 
The height and weight of each subject was measured on the first 
of the three days during which the individ1.1 aJ. was tested . Each subject 
recorded the day , month and year of birth on the data. sheet . 
Standardized instructions were read to each subject on each day . 
The fore - arm of the subject was then stra.pped to the padded restraining 
board of the mea.surement device and the length of the cable was ad-
justed to permit the subject to exert the force of his right wrist 
palm.ar f l exor muscles ·while the ,·Jrist was tn e position of hyper-
ext ension. Subjects were instructed to pull until they felt they had 
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exerted their maximal strength and to t1. en relax . A one minute rest 
period between each of the five trials wa.s permitted. 
The analysis of the data took the form of a treatments by sub-
jects design . The F test , a. metnod of supplying a test of sicnificance 
simultaneously to the observed differences for all possible pairs of 
treatments 1vas used . When a significant F was observed a t - test was 
used to determine the significance of the difference between any 
individual pair of means . 
Results . The subjects were found to differ significantl y be-
tween one and another from day to day and from trial to trial. As 
the subjects were not matched this could be expectedo 
The F and subsequent t - tests found day three to be signifi-
cantl y greater than day one . The observed difference between day 
one and day three is apparently due to either the development of 
strength, to an improvement in skill, or to a combination of 
strengt h development and improvement in skill . 
In analyzing the effect of trials, the F and subsequent t - tests 
found trials three , four and five to be signj_ficantly less than trial 
one . Trial five was found to be significantl y less than trial two . 
It seems apparent that accumulated fatigue from trial to trial, due 
possibl y to the one minute rest period between exertions , is responsible 
for the significant difference between trials . 
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Conclusions. On the basis of the data and within the limi ta-
tions of this study the following conclusions seem warranted: 
1. A significant increase in strength between day one and 
day three Has observed. 
2. A significant decrease between trial I and trials III, 
IV, Vanda significant decrease between trial II 
and trial V was observedo 
3. The significant daily increase between day one and day 
three might be attributed to strength development , 
l earnin[ , or a combination of strength development and 
lea.rning . 
Recornmenclations . The results of this study indicate many 
unanswered problems in the area of strength development . Is the 
effect of days due to strength development , learning, or to a com-
bination of l earning and strength development? Is the effect of 
trials dtie to fatigue or to some factor that has not been con-
sidered? Thus , the results and conclusions of this investigation 
warrant certain recor,imendations . 
1. A series of investigations seem necessary to determine 
whether the observed increase in strength is due to 
strength development, learning, or t,o a combination of 
strength development and learning. 
2 . A series of investigations seem necessary to deter mine 
the length of a rest period between trials that would 
minimize the effect of fatigue upon trials . 
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